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Inula britannica flower total flavonoids inhibiting expression of RAGE in aging
L.929 cells induced by advanced glycation end products
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Abstract: Objective To investigate the protective effect of Inula britannica flower total flavonoids (IBFTF) on aging 1.929 cells induced by
advanced glycation end products (AGEs), and to explore the mechanism of the expression of receptor advanced glycation end products
(RAGE). Methods The senescence 1929 cells model was established by using 0.100 g/L. AGEs for 48 h culture in vitro, and then different
concentration of IBFTF (0.1, 0.2, and 0.4 g/L) was given to the treatment group for 6 h culture, and 0.1 g/L aminoguanidine hemisulphate
(AG) was given to the positive group for another 6 h culture, and while blank group was cultured with common culture medium. Senescence
aging index of B-galactosidase staining cell numbers and cell cycle analysis in L929 cells were measured. The levels of reactive oxygen
species associated with oxidative stress in the cells, and aging indicators such as superoxide dismutase (SOD), malondialdehyde (MDA) were
also examined. The fluorescent intensity of RAGE was detected by immunofluorescence. The expression of RAGE protein and mRNA was
detected by Western blotting and qPCR, respectively. Results IBFTF significantly inhibited AGEs-induced 1929 cells senescence and
decreased RAGE protein and mRNA expression. Different concentrations of IBFTF could significantly increase the SOD activity and reduce
the MDA content and eliminate the reactive oxygen species in aging 1.929 cells in a dose-dependent manner. Conclusion Protective effect of
IBFTF on aging L1929 cells induced by AGEs may be related to its effect on the surpressing the expression of RAGE.

Key words: /nula britannica flower total flavonoids; advanced glycation end products; receptor advanced glycation end products;
aging; L929; SOD; MDA oxygen species

WisHHER: 2017-06-18

HEEWB: KW IARTEGREGEHE (2Y20132123)

TEEEN: X # (1991, L, {EEmfsiAd, W R IRAELSE K EE . Tel: 13678467841  E-mail: 395019936@qq.com
KBIEEE R OF (1968—), %, WiLASIN, #L, WIRITRATEA SR KEE . Tel: (023)89012705  E-mail: 841602937@qq.com



23

Chinese Traditional and Herbal Drugs 25 494 25 3 #1 201842 A © 627

L R ET A 40 i B Jk 4H 2 ) A R Ty g
Y, R KR SRR R AT 4N R A
Zo FEEBMIRHEEEE A, EEuRYEH
o 2k RIS SOd A B B SR DNA #5455,
M2 R HE N EFONE A (ROS) H H- P
AL, H AT AR R IR 4R (AGEs)
A @ S SRR T R I A B B S A
SKFZIA B JR AT AE A M (1038 T RRES s AT 508 2
JoR (PR 241, 3 AT 5 8 1 1R 25 2 2 S TR T 5
BN, Sl EE A TR, AR IE
TR B JER BT A4 M 25 1) HCRL 20 B/ 4 R T AR
HIhae, FBAMEZERMTO, KAL) N
BT AGEs f3tEfk (RAGE) Jr 3z,
AGEs 5 RAGE MHEAEH SR ARG TS, iR
e 28 A0 B PRl (PRI, el B A1 AU A Bl v 1 4G o
U ROS /K7, tn AR e A, HIk
DR O S AR, XA AR R AR B A S R K
PSP B s e 45 % o DR b JE 2% 157 K 4T 44 4 A 11
W B2 R SR R

HE N AR 2 35 B AE N RIREY) R L %2
EtEmHEFERETL. PLE. PUEBRRIIE
gy e BT AET Byt G HUR . MRS S5 2 Fl
ST, Retbguh 25 h B EAEY) . BRI e A6
NHEBIAREJEAEY) Inula britannica L., | 2 534G 1E
S BRHATEED, HAREU B Z M A S,
e PusE . PRIF. Pik. PrELTE N, Hi
AAGTEYE S IR S I OG0, B AT MR A
I FEUE SRRV JiE 78 48 &8 35 B (Tnula britannica
flower total flavonoids, IBFTF) Rgifid ##] RAGE
SARFIE K BH T AGEs X 57 Bk Rl 21 4 41 ffa 8 40 B2
W, RERIPAM/AL, B ENEN. ALK
LA AGEs 53/ SR RRAT e R 1929 &K
SEIORR, A AL, RS IBFTF SE2%
B IRFEZ AT RERLA, iim PR b AE 22 3 A FT R
A LI LA
1 #8
1.1 %%t

WO B 46 B e 2544 1T, B EREE R}
K B 58 T o 0 4 8 i N A RER 7 Jg
YRR e 8 1t Inula britannica L. WIAEST
1.2 ZafE. TR

/I BB JER 2T 4 2 Bk (NCTC clone 929,
L929) W _EHR ARV R A R (585 JL10293,

EH A R B b i AR R 2w T e 20 i B IR 0
1k D-H b 2R I R 2 R D R £
(AG) ¥JWH Sigma AF]; PD-G25 tilFE il
H GE Healthcare Life Sciences A &]; 54175 B
Gemini A 7 ; MEM 8537 5:6 H Gibco A F]; CCK-8
WA G B H AR S AR AT R
YEALEE (SOD) AP % (MDA) FELitF &
6 E R ) TARE AR B- LA B4 P
b2 e 0 aR 77 £ F1 DCFH-DA 5% Uk R 77 0 48
6 H B REVRHEA R AR AT RAGE
A GAPDH —¥i. IR P A 1 AR E A R
AHE]; Alexa Flour®594 #ric il 2916 (H+L) IWH
PR SR EMEARBRAF.
1.3 SKIGNER

P H MO RN TR 2 AR R IR 0 A PR
AT LC-15 BUEAH B EAY (HARREARD;
CFX-96 real time #%¢ (3£ Bio-Rad AF]); X
14 Z2 4 (£ Bio-Rad A7]); S KEFARY G
+ TECAN 2 #]); RIGEHMB (HA Nikon 2AF]);
IRIREOHL (EE Sigma AF)D; BT (EER
WrAE R AR B IR A T BAEEAKRE (L
—EREEA AR AT,
2 FE
2.1 IBFTF Hy#H&E

VBRI e AL E XK 38 1 h, AmjEd
BUEW, FrZhis. AB-8 MR E&SE, ¥ LR
N 20 mg/mL, AR 2 mL/min, 70% Z B
AEPERGHE . 4 1 mL 32HEUES 1 mL 5% NaNO» i
5], #8 6min, JIA 1 mL 10% AI(NOs); 1 10 mL
4% NaOH V&%), #H 6 min, FHIA 50%F%E %
F25mL, JRAEFE 15 min. 15 ] 1ENSHrE,
510 nm ARG RE . MITS IBFTF Ak 2 ot & 75
K 82.6%, —20 CBEICARTT
2.2 AGEs gyl

ZWESCERTEENY, 50 mg/mL fRA-MLE . 100
mmol/L D-H B . 1 mmol/L 7K FREEE & /E 37 C
N PBS (pH 7.4) HE = {E#EAT, 0.22 pum JEMEJE
i, FREZM FRERE 37 CIEERSH R
N7 de LA PD-G25 it #hAt 2 Brtail, KAFanr:
S8 BFE, RFF EFAAFAR SN 0.5 mL/min, _EAf
JaHE N 0.1~0.5 mL/Ak, M PBS (pH 7.4, 0.02
mol/L) BEMit, Witk BiEW. SFEmEEENT 2 K,
WIR 7 BB R4S A IR AN 2 R K )
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SR CER T RN E AGEs: DUIRZE IS 1E A
XTRE, PBS E, THUKEK 360 nm, KHFHHEK
430 nm, WMERICEIFROE R, HERY
AGEs [f15: 4 89.01 U/mg, —20 C{AE&M. HBIE
[ PREEE P B (1 U=0.5 ng), iTHHARFE
VI BN 4.45%, A8 56 AR IR B MR AR 5K
U5 BT R B R 0025, 0.050. 0.100 g/L.

2.3 AGEsifS L929 REWRIEREKRE FIE

L929 4l & 10%0H2F 1% 1%t R
1) MEM ¥:758, BT& 5% CO, A4k EH+
37 CHiF%, LA SX103/4LEFT 96 FLAR, T4 S
ANSPATH . TG FRRED 24 h 5, BENL N 4
e BRI TSR FRIE, HA 3 ANk
FAAR TR i B 1) AGEs (0.025+ 0.050+ 0.100 g/L)
B AR AT ARG IR, LS IE 48 he
2.3.1 CCK-8 vEMAfuAKiE /1 B L& UM
R 9% B3EWL NN 100 pL 10% CCK-8 15953 37 C
¥ E 4 h, 450 nm MBS (4D fH, DIAHS
X A WO0 LGB R & H A . A
Graphpad Prism 5 il &,

232 AHRAEMSN WES M, PBS (pH
7.4) EEMME 1X109mL, FATAK 70% 28
4 CHlEd®, Mbmme 37 Clbedeta, gl
ARSI A e JE B, 22 FE R A T 2 A

233 FEMK BLAMEERABLE SR p-
P FUNE A g R S B AR, LR RN
BN 2GR Z A, BENLIEE 4 A m AL
THEH M G e g B K

2.4 IBFTF X} AGEs 553 £ 1929 4Hia{RIP{EM
241 A KZIE ER 1929 Ui, BFENL
6 MR (GEAEEFRI . BIAIA (0.100 g/L
AGEs). IBFTF k5541 (0.100 g/L AGEs+0.1 g/L
IBFTF). IBFTF 17 &4 (0.100 g/L AGEs+0.2 g/L
IBFTF). IBFTF 57l &4 (0.100 g/L AGEs+0.4 g/L
IBFTF). FHMEXF R4 (0.100 g/L AGEs+0.1 g/L
AG) SO AT 5e A i e B G 7%, HOARZHA 0.1 g/L
AGEs #4:357% 48 h, IBFTFAK. . mFEAHT
#)9¢0.1. 0.2, 0.4 g/L IBFTF }753E, FHIEXHR
HEHNE 0.1 g/LAG FEFEHEAk SR 6 he

2.4.2  Western blotting 73 #74H ffi J51 5% /& RAGE & M
FiE  RIPA REMHIESHAME T, BCA 7]
SRR AW, BRSO TEN, KA
Image Lab UL H 18 H/GAPDH AT & & 704 o

243 REDOLGt BAOPRS R CEITEY,

DL RAGE —#it (1 1 2000 W H i &, Fhife 1gG (4%
Bt HIEBOEYE 1 h, DAPI (AU 4L
#% 10 min, 3 7 JER 6 EME N RER T, Ipp 6.0
TR G R

244 SENRGEE PCR K IBFTF %} RAGE
mRNA 520 Trizol 22 RNA, %M TakaRa
WS UL B A AN, cDNA FE§71%, RAGE Al
GAPDH 5|7 512 SCEk 5N (R D), RS
&% 15 uL (SYBR Green 3 uL. DEPC 7K 10 pL.

ETFEI%% 0.5 uL, c¢DNA 200 ng/pL 1 pL). 34
A58 94 CTIASTE 1 min, 94 “CAE14 30,59 C
1Bk 30s, 72 CHEffi30s, 333 MEH.

#1 PCRS3I¥IFF
Table 1 Sequences of PCR primers

ElE/PN

HH ElEYe !
/J\/bp

RAGE  EJf: 5-CACCTTCTCCTGTAGCTTCA-3> 480
Fif: 5’-TGCCACAAGATGACCCCAAT-3

GAPDH  EJff: 5-GCCAAGTATGATGACATCAA-3* 202
Ti: 5°-CCATATTCATTGTCATACCA-3’

2.4.5 DCFH-DA fill4fffipy ROS KF Z=H
DCFH-DA A& U+, &AM, Hiag
FRLASCRS N 5¢  Z 4. AN 2073 2 H R & 213
WG EFIXS{E, GraphPad Prims 5 fill .
24.6 PUEALBEEYES M TEBEE S R & A
YHHL, KIS R A M AR, SRR )
SOD F1 MDA 5 ¥4 2 HE Ut B 4525 R4 A
2.5 GtESHR

KR x+s, B SPSS 19.0 A EHE, £
IR AE R F HL IR 3R 2 oA, 25 2ELTR] P P B 2R
LSD .
3 #R
3.1 AGEsifS L929 HiRENRERERE
3.1 AFEFEEIKE AGEs 4 i A= K 1) 52 i
XTHRZH J. AGEs % i W BEH AR LU AR, 2 7 B3
(P<<0.01), AGEs % ZH41 A= v 7787 BAK T
. 0.025. 0.050 g/L AGEs H4HMuiE W E&T
0.100 g/L AGEs 4H(P<<0.05), 455 WA 1.BE AGEs
R FER N, XS S A A G g, R
AGEs X} 1929 [iilfEH 5 i &3 2 IEAG,
0.100 g/L AGEs fe 3 4l dn A K.
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1 TEREIRE AGEs X1 L929 5ESIMEN (X L5, n=5)
Fig. 1 Effects of AGEs at various concentrations on cell
growth activity of L929 (X Ls,n=5)
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g/L AGEs % G 40 fu%E A Wis T 0.025. 0.050
g/L AGEs 41 (P<<0.001). iitH] AGEs 2 )i Sk &
Fofs FEE oK 4 it BELY T Go/G 381, 0.100 /L AGEs [
MR E S ETE

313 AFEFEIRE AGEs Maufrh p-FUprgs
PRSI S5 ILE 3. AGEs &2 R Gt 4ni 50
WA TR (P<<0.05); 0.100 g/L AGEs ZHRHPEGL(n
AR RS T 0.025. 0050 g/l AGEs 4 (P<
0.01). UiH] AGEs %5 1929 FZ L 5 R BRI
EIEAYE, 0.100 g/L AGEs fit i #1541
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1600 Gud9T% o oo o
1200 $:932% 5 4
2 60
I 5
= 800 = 40
400 © 20
0
0 *HI® 0.025 0.050 0.100
80 120 0 20 40 60 AGES/(g'L’I)
DNA content

HxtiiLbs: "P<<0.05; 5 0.100 gL~ AGEs 4 LL4: #P<<0.05
P < 0.05 vs control group; *P < 0.05 vs 0.100 g-L ™! AGEs group

2 FEREKRE AGEs 3t L929 HEHA DS (X £5,n=5)
Fig. 2 Effect of AGEs at various concentrations on cell cycle distribution of 1929 cells (X *£s, n=15)
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B3 p-HIPEEHEEMLACHMMESE SN (X400, X ts,n=5)
Fig. 3 Quantitative analysis of B-galactosidase staining cells ( x 400, X £s,n=5)

3.2 IBFTF @iZ /'S RAGE Z8FIEXT AGEs i
B2 1929 AARRIRIPIER

3.2.1 Western blotting #uill IBFTF /5 4 fifg
RAGE 2ZRRIETEN SR NE 4. B4 RAGE
FEXFRIA R m T XA (P<0.001); AG A5
%R B IBFTF 4 RAGE MX £z B BT
R (P<0.01); 5 AG 4L, IBFTF &7 &
4. RAGE X} ik &0 B (P<0.05), IBFTF

. EHAEY RAGE MM EREEHERIK (P<
0.01).

3.2.2  REWOGIRIE IBFTF X4 Z /K RAGE
KIEEWEM  FIZ R EN RAGE RIEHIF
Wi, S5 IE 5. BRI RAGE %tsmE i BT
XA (P<<0.01); i8] AGEs mJ &5 RAGE &
FIAIKF, 1 IBFTF 7] N ] RAGE JEAZ AR,
AG 1 5% Fi B IK ¥ IBFTF 41 RAGE %65 & i i
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El 4 Western blotting #4HME+H RAGE ERFTIELER
(X £s,n=5)

Fig. 4 Western blotting results of protein expression of
RAGE (X £5,n=5)

IR THERIZH (P<<0.01); IBFTF k. F171&E4 RAGE
POLRREET AG 4 (P<0.05), E7IE4] RAGE
PWOREILT AG 4 (P<<0.05).

3.2.3 IBFTF X4MfEZ & RAGE mRNA FKiL[F)
o 4EE LK 6, AGEs A[3¥5% RAGE mRNA %
15, 1M IBFTF 7] Fiff RAGE mRNA /K. 5XtH&
HAHEL, 72 RAGE mRNA I 1 75 (P<<0.01).
HEMAM, & RIKRE IBFTF M AG 4
RAGE mRNA /KR FFEL (P<0.01). 5 AG A
FHLG, IBFTF ik i &K Z 4 RAGE mRNA 7/KF
B 24 (P<<0.05), IBFTF & i 89K E 4 RAGE
mRNA KPR FFL (P<0.05).

3.2.4 ROSKIZER  HEAIZH ROS /KF B & X}
MM (P<0.01); AG 45 % it #IKJE IBFTF 44 ROS
KR AR T4 (P<<0.01); IBFTF k. Fii &
WEEZH ROS /KFE T AG 4 (P<0.05), mifiEWK
JE4H ROS /KT AG 4 (P<<0.05). & IBFTF
SRR A P R 4 P ALK (B T

67 e
RAGE R
2
X 44
%
DAPI D o
K
; AN
Fol=mrl | | =
Merge AH AG B 01 02 04
IBFTF/(g'L ™)
X AG it 0.1 0.2 0.4
IBFTF/(g-L)
SRR P<0.01; SHRAKE: “°P<001; 5 AG AHE: *P<0.05, TH
**P <0.01 vs control group; ““P < 0.05 vs model group; “P < 0.05 vs AG group, same as below
[E 5 IBFTF X4IMfR {5 RAGE TR ERIFAN (X400, X ts,n=5)
Fig. 5 Effects of IBFTF on fluorescent intensity of RAGE in cytomembrane ( x 400, X *s,n=15)
2.51
i': 3- 3k 3k
N 2.0 ALA
® o, #
.’5_{ .‘:_E JAVAV N
E 4,: 1.5 AN
< % JAVAV N
% 14 wn 1.0
‘ | o)
m | | [~4
% 0 027
X AG B 01 02 04
0 T T T T

IBFTF/(g'L ™)

El6 ScAiEZEPCRAZNRAGE mRNAMERIAE (X £5,n=5)
Fig. 6 Real time qPCR analysis of expression of RAGE
mRNA (X *s,n=5)

T T
02 04
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X AG B 0.1

&7 IBFTF %f ROS FF4E RSN (X £s,n=5)
Fig.7 Effects of IBFTF on generation of ROS (X *s,n=5)
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3.2.5 IBFTF X L929 Zfiffi+ SOD A1 MDA 50
iR WK 2. AGEs nl i) SOD &1k, T IBFTF Af
DAL SOD 3. MR SOD i 4 & K X iR
4 (P<<0.01); IBFTF k. . milEHE AG H
SOD %1 B & T4 (P<<0.01); IBFTF ik,
S SRR B 2H SOD T 1 R AR T AG 4H(P<<0.05),
I IBFTF /& i ik 41 SOD iR & T AG 4
(P<<0.05).

AGEs W#gE g it A K, T IBFTF n]#fl
il AGEs it AL /EH , 240 MDA /KP4 m T
SHE4L (P<<0.01); IBFTF{%. . m#IE4HS AG
ZH MDA 7K AR T4 (P<<0.01); IBFTF 1IX
72 MDA /K P T AG 41 (P<<0.05), IBFTF .
EE4H MDA /KR AG 4 (P<<0.05).

% 2 IBFTF X} L929 #fa%h SOD #1 MDA 7KFaIF2Am
(X £s,n=5)

Table 2 Effects of IBFTF at various concentrations on
content of SOD and MDA in cells (X *s,n=5)

Al FEAg L) SOD/(U-mL') MDA/(nmol-mL™)

xof e — 49.934+2.31 0.6410.11
AG 0.1 40.0542.25% 1.84+0.08"
eit] — 15.4042.94" 2.5140.04™
IBFTF 0.1 23.524£3.02°*  2.10+0.10°4
0.2 30.89£3.38%  1.64+0.10°4
0.4 4494%1.67°*  1.16£0.09°**
4 g

AN R TR T AT A 4 i 2t BN ] A K
Hil, AT, BRBERIRICEEERN.
Seoungwoo ZESIFERF 7 HR A B AGEs 755 B fikrh
U1 WA REEIC, 51 B R SUMIR
K TEE LI, IEW AGEs 5 kg2 2 UM%
T EEZ 47 pH 6.0 i B-2f- AL B st L HL
Bk, MR N o T A YRRl
A S5 DAAS A 5 B R B AGEs 1 T e 4F 441 i 48
h J5, WET AGEs X 4EdniA . 4 fE i
AR EZAI R B-PAME A, 4R ER
AGEs AJ#2 =4 N 322 A0 B2 FUE B 1E,
75 A A SRR, SRR R GE, EREEIR .
IX7E CCKS8 S5t LA IE, 0.100 g/L AGEs P
AP RO NR BT AR R R, T LR R A A A
AR DT, HE GRS “ERE T, T
AR, T PR e 7 A6 A THIRAT K. BES

IERRFIER, HIE Py 4h238 Huang S8R SR — FeaE018]
SR T a5, WO e 16 3 ZEAR AU
DEEIE, FEmRRERSE S ML A, Bh
P, PUHR . DU SE 2 MAYETE, HEE
il B 53 B IR BTG TE 1 o DAL, ARSEEGAE 0.100
g/LAGEs 5% L929 ZZWIEHL T, WH5T IBFTF Xf
B JoR AT A A0 M 0 CR A FH o 38 B 1 S B
S 7€ & PCR M 78t ill RAGE [)FR1L/KF,
SERPUR, GHEAAME, IBFTFK. H. EFE
“H RAGE & F#l mRNA 1A 7K RAGE Kt
FE W2 PG, BARIERBE, 38 IBFTF n] LA
il RAGE & A1 mRNA [IRIE, X5 Vetter 257
FIRE T 25 SRR AT . TR, W82 3] AGEs 18 T-4i i
48 h J5 ] BRI 4R Mo 3G 5, UERH AGEs n 448
MEK, FHRAMEEZMG, HE2WREKGE.
IEHfsE 0.100 g/L AGEs A5 S .

Vetter 25N AGEs 5K BEE R A J5 A Al
Ae/E T AGEs 540l 1 RAGE 454, JF Ll
RAGE 35, Wil NF-«B 55 5 K 1 F1 2 46 Bk
WK, PeAKER ROS, Gl HM P AR . 2
Mabt i Be ) IR, R 4H M A BB ) [
fiX, Xt ROS WIiEFRAE /1955 . ROS 5l &R Fd 4
WAER, FHERE I ALY (in MDA LLR#HT
(11 ROS H H135%, #— P inE ARSI MY,
TEBCEPEIEIR, IEEZ . SOD A& LIk %
AR, JIE KT AT S WAL R M 4 3
BEJ, M MR EFEERY, MDA /& ROS &
ik T S AT B ) S LA 2 40 i P i S A K ST
{iEmL, SRR I8, IBFTF A LA SOD WGk, [
ik MDA FEPHESEIKF, %t AGEs %5 1929 (3%
GUHYEA, RAEFEKEE. ATRefET IBFTF [
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. Wi &3, 0.100 g/L AGEs A 2155
A TE, 1M IBFTF % AGEs &A= Z BA
AN VE T, JLHLE AT BE S5 40| RAGE HIRiA
K, BHAFIRMKEGE, $oRLTR R SR E2
RIFZ50. X AT R AP m B R YUK
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